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ON WEATHER CHANGES FROM DAY TO DAY 
By HENRYK 

[Wmhington, D. 

During tlie years 1898 nncl  1899, while niaking obser- 
vations on boancl the Belgicn, I frequently iioticecl an . in tiriia te relation between the successions of cloud sheets 
and the wives of pressure registered by tlie hnrogrnph. 

There, in the Antarctic, in tipproximately 70' latitude, 
the mean duration of waves of a t  leost 5 nini. nmplitude 
was 126 hours, or 5.25  clays. The pressure waves observed 
about 10 years later, in RlcRlurclo Souii~l mil  Franilieiiii, 
So or 9' further south, were longer, since the figures given 
by Sinipson atre 6.33 and 6.79 clays. Going n~rt~liw~ircl, 
on t'he contrary, they become shorter: 3.79 days on the 
South Orkneys, in 61'; aiid 2.87 days on Kerguelen 
Islmd in 49' S. latitude. Thus, twice as ninny wirps 
occur during the year, for tt difference of 30' latitude, 111 
the Southern Hemisphere. 

These facts justify the question: Do the Arittirctic 
pressure maves split in two, or do the figures for Iatitucle 
49' correspond to intercrossings of waves of difierent8 
origin? 

In  lower lutitudes the ups nnc l  clowis of tlie barometer 
are greatly reduced in amplitude, aiid tlie well-proiiouiicetl 
cliunid vtirintion esclucles the use of hnrograms for the 
counting of wives. 

T:lkjllg the 8 a. 111. observations of Lorenyo RInrqnes, 
25'58' S. latitude, all waves of at  least 2 . 5  inm. nnip!itutle 
noted during 1910-19 gave n inciln duration of 6.6 d:ivs. 
To obtain a figure for Batarin ( 6 O 1 1 '  S.) compmihle with 
that for 79' S., ups nncl clowns of not less than 0.5 inni. l i d  
to be counted; the nieiin for the 10 years considered is 
7.5 (1:iys. In  Greeriliintl and Iceland, tnking 5 nirn. a s  
the least amplitude, the nieniis of the yews 1910-19 are 
6.9 days for Uperiiivik, (3.5 for Goclthnh, ant1 6 .5  for 
Vestmanno, figures similnr to those for the Antarctic. 

,4re the equntorial wives, of small nmplitude, only an 
nttrnuatioii of those observed in polar regions? RInps nre 
necessnry to nnswer this question. 

For itnotlier reason, also, rlny-to-dnp world ninps of 
isiillohsPs slioultl be c h w n ,  and continued, if possible, 
yew after year. 

The monthly v:ilues of the wave lengtlis observed in 
Warsaw, for the yews 1869 to 1903, have been published 
by hlerecki.' Overlapping Inems of these clnta give a 
most interesting dia:ram (fig. 1 )  showing ii rnriation 
broken by cliscontiiiuities.2 

Tho highest ant1 tlie lowest durations are 6.7 nn:l 4.S 
days for tlie ine:ins of 12 consecutive months. T\'e must 
suppose, therefore, world varititions of the durntion or 
length of the wiives, or clisplnceinents of the centers of 
most frequent intercrossings of wives of tlifferent origin. 

The reqenrches by Elrholni on maps of idloburs  are 
well known.3 Connected :ire:is of increase tind clecretise 
of pressure on the mip  show the eyterit of n wave. Ekholm 
has given no nnnie to the pressure waves tis seen on isnl- 
lohnric maps; I have proposed to apply the nanie nnoferons 
to the arens of positive pressure differences ohservetl from 
day to day a t  a given hoiir, ant1  kcitoierons to those of 
pressure decrertse. 

The pressure wave may, therefore, be c:tlletl ti teron, 
or ti bnroferon. The bnrogrnms show that often we should 
also take into consicleration brnchyferons,  or wives of 
short duration. 

I R .  Merecki: Glimatologia zicm ],olskich. p. 200. Warsznwn 1914. 
3 Inst. Groph. hfet. Univ. Lwoa, Comm. v.,& p.  174. Lwnw 1936. 
J Met. Zeit. Hnnn-Band. p. B S ,  Brtlunschwrig lYO6. 

Xoi th dmer icc i  bnroferoiis; December 1935.-The wetither 
maps of Chiitidti, the United StLites and Mexico, from 
December 3 to 7, 193.5, have been used to draw isallobars 
(figs. 2 ,  4, 6, 8, 10). The differences froin date to (late 
:ire given in liundreclths of :in inch.' 

'rhe first mtp,  December 3 shows, a h i  toteron extending 
from Quebec, ncrosq tlie Stiites, to La Pxz a t  the southern 
end of the Cn1iforni:tii peninsula (fig. 2). Differences of 
-38 :ire observed n t  Parry Sound, Ontario, r i n d  Dnven- 
port, Iowa. But from Aklavik, west of the mouth of the 
Mnclrenzie River, the axis of another katoteron extends 
in a southeast direction, to Helena, hiont. Thus, the 
intercrossing of teroiis cannot be doubted. 

During the clay the iiortlieust-soutliu-est katoteron 
moved e:istwnrcl. On the 4th (fig. 4) it extencls froin 
Newfounrlltind and Lnbrador, dong the Atlantic coast and 
down across hIeiico, to the Pacific. The eastward tlis- 
placement continues. However, the iiortli~est-southeast 
nsis of the V-shaped kntoteroii of the 5th (fig. 6) has on 
the 6th (fig. 8) become :in itll-dominatiiig axis of negative 
values e\tending from Alnska to the Yucatan peninsula. 

On the 7th (fig. 10) tlie displncement continues, but 
with a rotury movement; now tlie axis of the katoteron 
extends alnios t nor t 11-sou t h , :tnd siniilurly with the 
eastern nnoteron. 

A coinpariwn with tlie weiitlier nitips shows, first of all. 
that teroiis iiio\-e faster than LOWS and HIGHS. This fnct 
is well known; and tlie deduction that the changes of 
pressure from d a y  to (lay xire priinarily due to displace- 
iiients of air intisses a t  higher atmospheric levels litis been 
developed by Ekliolm, Ficker, nnc l  others. 

On the other l i ~ i d ,  the intercrossing of terons could 
have been tletlucecl a priori from the wive frequency 
referred to before, fewer w:ives per unit of time in the 
Antarctic than in the Suh-Antarctic regions: Let us say, 
Framheiii, 6 ; Belgica, 5 ; South Orlrneys, 4 ; and Kerguelen, 

Nntuntlly, one inny be led to ask whether LOWS and 
HIGHS mng not be due, in ninny instances if not always, to 
the intercrossings of kntoteroiis and nnoterons? . This 
question shoulcl he considered with great care, since it 
implies that cold tint1 warm fronts, nnd the shifting of 
wind directions, observed a t  the bottom of the atmosphere 
are the consequences, and not the causes, of the pressure 
c1i:iiiges registered on weather ninps. However, the study 
of tliernioterons justifies the view that the formation of 
LOWS may he the consequence of intercrossings of kato- 
t eroiis. 

North ,heric.aii theriiiofPi o r i s :  Dewmbfr 1935.--E'or 
Europe, maps of isallotherms hive been published by 
D e f : ~ i t , ~  wlio found that generally the aretis of increase of 
pressure correspond to those of decrease of temperature. 

Schecller has sliown that these conditions rela te to the 
lower atmosphere, t i p  to ahout 3 km., a n d  to the substrato- 
sphere, hetween 10 nncl 12 km. of altitude; wherens 
between 3 arid 9 km. an increase of  temperature corre- 
sponds to an iricrense of pressiire.e6 This led Schedler, 
Defnnt, and others to the coiicliision that the pressure 
chnges  observetl at tlie earth's surfnce tire a direct reper- 

3 clays. 

4 Idlobaric maps ha\? I w n  regrilorly u s d  by the 11 S Weither Bureau in their fore- 
cast work since 1YiJ. althnuqh they hale not bccn publi\hed aiid little h 3 h  been written 
omcerning them See h I i i Y T H L T  1% E 4 T I f E R  RE~IEW. hlwch IMll;, p 132 011 PrWSure 
('hangp Churts. hy Edward H Bosie  Vol 44. 

5 A Ddant Wetter m i l  Wetter> orh~rsape. 2 4u0 , p 159 Leipile I92fi 
1 A Bchetllrr Beitr. L. Pli}b (1 frtwn 4tm , v i ,  11. YS Miinchen 1917. 
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FIOURE 1.-Pressure ware-lmsth variation iu Warsaw. Pousecutivr 12-ntouthly uirans 

FIGITRE 2.-Isallobars for December 3, 1935, orcr North -4uierico. 

FIGURE 4.--Isallobars for December 4, 1935, over North .4merica. 
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FIGURE 3.-Isallotherms for Dccember 3. 1935, uver North America. 

-.-+- I 
FIGURE 5.--Issllothertus for December 4, 1 ~ 3 5 ,  over North America. 
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FIGURE 6.--Isallohars [or Deccmher 6, 1935, over North lmrrica 

PIGWEB 8.--Isallobnrs for December 6, 1935, over North Americtl. 

~~~ 

F I ~ ~ V R E  ;.--Jsallotherms for December 6, 1935, over North -4meriea. 

-. ~ 

FII:URB 9.--Isallotherm for Decemkr 6, 1935, over North America. 
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FIGURE IO.-Isallobars for December i, 1035, over North hmrrica. 

- h I 
F I G V R h  11.-Isnllotherrus for December 7, 1035, over North Americn. 

FIGWE 12.-Presurea observed January 1-14, at Bratskii Ostrog and Omoloevskoe. 
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cussion of the temperature clinnges observed in the sub- 
stratosphere. 

Adniitting that, in the United Stutes, especially during 
the whiter months, temper:i ture clinnges from clay tmo day 
may depend upon changes of wind direction, maps of 
thermoteroiis sl~oultl be carefully comp:tred with the 
weiither maps; such compilrisons sliow a t  once thn t ninny 
striking tenipernt ure cliaiiges may be easily esphinccl. 
(See figs. 3, 5 ,  7, 9, 11.) 

For example. on the map of December 3 (fig. 3) ,  we 
notice that a t  Tttnipn, l%., ti decre3w of 24' F. occurred; 
the weather maps will show tlint, under the infliipnce of a 
displacement of tlie centpr of a HIGH from Fort Smith, 
Ark., to Asheville, N. C., a strong wind was blowiug in 
Tampa from the south 01- the 2c1, a u t l  from the north on 
the 3cl. Fnrtlier north, at Cape Hai,ter:is, 110 c11:iiigr of 

* wind direction occurred, n n c l  tht. mori~ing tempera ture 

cliscontinuities of bitrot,erons. However, this is not 
nlways the case, because the number of observational 
points, especinlly in Siberia, is not sufficient and because 
a tletriilecl stutly of hnrogr:tms is often absolutely nsces- 
s:iry to understand the changes sliown on tlie imps. 

Let, us compare the diagrams for Brritskii Ostrog and 
Oiiioloewskoe from January 1 to 14 (fig. 13). It becomes 
evident at once that errors might result from considering 
differences of not less tlian 5 nim. of increase and c1ecre:tse 
of pressure to be waves. 

At Oiiioloewslroe the difl'erences of about 8 Inin., between 
the %l niid tlie 3c1, is due t o  a discontiiiiiity in tlie vttria- 
tion, and not to ~1 wave. L is t in  uplifted minimum, 
L, :L depressed mnsirnum, and L, ngain a slightly uplifted 
iiiinimuni. If L, were n iiiiiiimuiii corresponding to L, 
then we shoultl have to den1 with a wave of 8 days; but 
at L, a musirnuin Hz interferes, which is blie direct result 

FIGUHES 13, 14, and 15.-lsallol~srs fur Turkestan and India, 

was 1Zo lower on tlic 3rl p e r h a p  because the wind con- 
t,inuecl to blow from the north for  mor^ t1i:in 24 lioiirs. A 
decrease of 10' :it Belle Isle (bet8ween the northern C'npe of 
Newfoundlnntl and blic cunst of Lnhr:itlor) cnii again he 
easily explained: southwest wind the Z d ,  north on t'he X t l .  
RURR ia 1) Cln tn : J a  i )  I! u r y 1 91 0. -The b a ro metric o bs e r V:I - 

tioiis :it the Russian statiolis for '7, 13, and 21 o'clock 
(local time) have been used to draw in:ips of the cliffer- 
ences from day to clay. The smie liss been done for the 
morning observntioiis in west,ern Europe, Icel:iiid, the 
Azores, and North America. 

At the longitude of Irkoutsb the clock is 7 lioiirs in 
advance of Greenwich time. But the deformations of the 
isallobars, due to this fact, are progres+Te, going east 
or west ; nncl since clay sfter (lap tl1ep are siiiiilnr, the inaps 
are comparable. hlnliing the comptirisoiis, step l y  step, 
it seems that the 90 Russbu maps for Jaiiuary 1010 
should have been sufficient to sliow the progressive clis- 
plncenieiits of tlie pressure waves nnd, in the c a w  of intar- 
crossings, to Derniit of es1ilaininp tlie tleforma tioiis or 

Jauuar) 4, 6. and 13. 1910 cDlffcrenccs of pressure In mm ) 

of R HIGH, whereas at  Brnt4iii Ostrog the minimum is 
siinply uplifted. H, and H, are only 6 drtys apart. 
These two innsiina niny belong to tin intercrossing wave. 

Of tno intercrossing wltvc motions, one or both of them 
mtp be conipojecl of ti succession of shorter waves. Dis- 
continuities of cloudiness are often sliowri hy AI.-Cu.; 
nncl the st:itoscope registers the smnll miplitudes of the 
discontinuities of the barometric curve going up or down. 

Tlie progress of the wnves may be slow in one case, 
less slow in the other; they may involve different levels 
o f  tlie atmosphere. The progress of n teron may be 
temporarily c1el:iyetl i i  t) one eiitl, n lerated at, the other 
en r l  . 

Tlie pressures registered at :i given station must be a 
resultant of tlie pressures of different air masses, a11 in 
motion; the succession of LOWS a n d  HIGHS, or of terons, 
can never bc regiiltir, nnd i t  is useless to try to simplify 
things by t heoreticd considerations. 

The Russinii maps of is:dlohiirs :ire instructive mainly 
because they show- plainly tlie crossings of bnroterons, ir- 
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regularities of progress, hr iwr(1  ant1 backward displwe- the Bnllians, C’yprus, €’destine, nncl Trnnscaucasin. 
nients and, above all, the fact that tliscoritiniiities of w&- Along the 25th nierirlian tlie asis of the nnoteron of increas- 
tions should exist simply bec:iise every excessive Asiatic ing pressure lias been shifted north of the Black Sen. A 
pressure mnsimum goes cloun by steps, due to European rarlicnl change of displacement and direction of the teron 
or Arct,ic reuc tions. is in progress. 

F I C U R E ~  19, 20, and 2l.--Isallohars for China and Austrnlia for January :?9-31. 1 Y X .  (Diffrreucrs ol pressure 1u rum.) 
1 

Across Europe mid Asia, we may observe tinoteroils ant1 
katoteroiis extencling west-east and moving south or some- 
times north. The maps of Jniiutiry 6 ,  7, and 8 ,  1910. may 
be taken as esamples. On tlie riinp of tlie 8th there is n i i  
nxis of negative values extending from Iceland over Scot- 
land to Poland. On the 9th the barometer also falls in 

Another selection of  limps shuws north to south wives 
inoring froin west to enst. A fall of pressure of 30 mm. 
from tlie 23cl to the %th, ohserved in England, belongs to 
n katoteron extencling from the Arctic circle at least as far 
south as hhdeira. On the 25th the asis of the kntoterou 
goes from the Arctic regions, through Laplnnd, Central 
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Europe and across the Alps and the Mediterranean, to 
Algeria and the Sahara. On the 2Gth, a narrow axis of 
negative values extends from Scandinavia to Greece. 
By the 27th it moved farther east. 

It should be useless to describe these maps 111 detail. 
The barograms of many stations should be compared with 
the maps in order to make an interpretation of the details 
of the observed pressure variations. The dudy  of the 
distribution of rainfall should be the principal purpose of 
such researches. 

Pressure changes in Turkestan and Indicl.--North of the 
Pamir and south of the Himalaya Mountains the pressure 
changes from day to day are often similar. Isitllobars for 
India are related to those of the Turkestnn and Siberia. 
(See figs. 13, 14, 15.) 

The most important wall of mountains in the world, 
separating Asiatic Russia from India, does not influence 
the distribution and. clisplacenlents of terons-just ns if 
the lower atmospheric strata (below an altitude of about 
5,000 m.) were affected niainly by the pressure chnn, ees oc- 
curring above. At least this is true for the bnroterons 
during January 1910. Theanoteron on the 13th,extending 
from 70° to loo latitude, from Novniia Zemla to Ceylon, 
may serve as example (fig. 15). 

Detailed isallobaric imps  of India have also been drawn 
for January 1934 and October 1935, making use of all the 
8 o'clock data of the daily weather maps. In  most cases 
the changes of pressure from day to day, as shown on these 
maps, niust depend on those of Turkestan and central 
Asia. 

The maps from October 13 to 23 are of particular inter- 
est because of a tropical cyclone that crossed the Decan. 
The isallobaric map of the 16th and 17th shows a n  iso- 
latted kato te,ron north of Ceylon, and also negative values 
in the Punjab ns far L~S the northwest frontier. The 
decrease on the lSth was highest a t  Madms, and a,t t8he 
same time t,he katot,eron of the Punjab spread out over 
the central Provinces. The map of differences for the 
19th shows the entire area of India occupied by negative 
values. From then on, the barometer continued to fall 
until the 23d in northern India and Burma. 

This example leads to many questions concerning the 
ultimate relations be.tween tropical cyclones and terons. 

China and Australia: January 1936.--In order to draw 
isalloba.ric maps est,ending from the 40th parallel north 
to the. 40t8h south, pressure data from 11 stations in the 
Dutch Indies have been n.dded to those of the synoptic 
charts of Indochina, Hong Kong, and Australia. These 

FIGTIRE 22.-Precipitation areas, January 1. 1810. Heavy dasbes indicate observed eero precipitation (shaded area). 
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maps show that anoterons and katoterons often extend 
across the Equator from one hemisphere to the other. 

The maps of pressure differences of the 4th, the l l t h ,  
and the 17th (figs. 16, 17, IS), and those of the 29th, 30th, 
and 31st (figs. 19, 20, 21) may serye as examples. 

During the year 1852 a total rainfall of 2,460 mm. was 
observed in Batavia, while for 1891.it was 1,166 mm.- 
more than double for a year of mtwnmum than during a 
year of minimum of rainfall. 

Since the frequencies of pressure waves (of 5 or more 
111111. amplitude) observed in Warsaw dlfFer greatly from 
year to year, we may admit, a priori, important changes 
of the mea.n amplitudes and frequencies of baroterons, all 
over the world. Simultaneity of maxima or minima is 
not to  be expected. 

If any relation exists between the frequency and qi1a.n- 
tity of rainfall and the frequency and amplitude of baro- 
terons, it is possible that such a relation will be best 
observed in equatorial regions. . Investigations of t,he 
phenomena in Ba.tavia gave promising result's. 

Rain$& and baroterons: January 1910.-Alt8hough it 
seemed improbable that any simple relation between 

katoterons and diurnal rainfall areas should exist, maps 
were drawn for January 1910, using all available Russian 
data and those of a number of other European stations. 

These maps were compared with the pressure maps of 
the Nort,heim Hemisphere published by Exner,' ancl with 
those of the isallobars dewribed before. See figures 22, 
23, 24. 

It is evident that, in general, rainfall of a given date 
occxrs only during some particular hours of that day; 
and there are different kinds of rainfall. Comparisons 
should therefore be made wit,li pressure changes for the 
hours during which rain fell, and for each kind of pre- 
cipitation separately . 

The rainfall areas, however, disagree with the distribu- 
tion of pressure in so many cases and in such a striking 
ma.nne.r, ancl so often do not occur where they should 
accorcliiig to theory, that a detailed study of the rainfall 
maps seems desirable. 

For example, the map of January 1 (fig. 22) shows three 
wide strips of rainfall, estending west to east, one from the - 

7 Felix M. Exner: Karten der atmosphBriscben Zirkulation auf der Nordlichen Halh- 
kugel vom 1. Januar bis 31 Mgrz 1810. Wien 192Y. 

FIQUEE B.-Precipitatlon -, January 7,1910. Heavy dashes indicate observed zero precipitation (shaded area). 
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White Sea into Arctic Siberia, the second along approxi- 
mately the 55th parallel from 30' to 115' longitude east, 
the third from Algeria across Sicily and Greece to Cyprus. 
Neither isobars nor isallobars will explain this fact. 

The map of the 7th (fig. 23) may be t,aken as another 
characteristic example of which a st.udy should be macle. 
It shows one w-ide st,rip of recorded rainfall from Finland 
down to the Black Sea, and another from Nova.iia Zemla 
down to the Caspinn Sea, both going across the continen- 
tn.1 axis of high pressure of that da.te. 

Most of the rainfall maps show such &ips of precipi- 
tation, more. or less independe,nt of the pressure distribu- 
tion, but offering in a sufficient number of cases enough 
anologies wit'h t'he isallobaric nin.ps to tempt one to speak 
of ombroterons. 

The 
high-pressure areas of central Asia and of the Azores are 
connected. Two LOW centers, one near 1cela.nd and. the 
other on the sen of Kara., make the isobws extend 111 a 
general east- west direction; while across Europe and 
Asia, in a iiortmli-south direction, across the continent'al 
axis of lugli pressure, five strips without, rainfall, and five 
elongate,d ernbrot,erons, jiist like pressure waves, are 
recorded. The rainfall area estending from the Nort,h 

The 14th (fig. 24) may be taken as an example. 

Cape to Greece is connected with a west Mediterranean- 
Black Sea rainfall axis. 

Comparison with the map of isallobars supports the 
hypothesis of correlation. 

As ha.s been seen on the curve of Omoloevskoe dis- 
cusse,d before, isdlobnric, maps based on intervals less t,han 
24 hours should show pressure differences due to discon- 
tinuities of varia.tions. This leads to the working hypo- 
thesis that, ornbroterons are the product. of reactions of 
fronts of disc.ontinuity in barot,eronic air mass displace- 
ments in the lower atmosphere. 

The comparison of bhe ma.ps of isallobars show tenden- 
cies t,oward increa.sing or clecreasing anoterons or kat,o- 
terons during a succession of days. This fact must be 
due to trmsport of air masses o w r  periods of successive 
days. 

hhps  of differeiices of 10-clay means, as well as of 
monthly means, show these world displacements of 
pressure escesses or deficit)s quitme well. The same may 
be said about t,he annual mea.ns and the means of lustra 
of years. 

Abnormnl sea.sons of a given year, or the anomalies of 
a month or two, map therefore depend upon certain 
t,endencies of cliriiat,ic variations. 

Promr~ W.-Precipitation ares.  January 14, 1910. Heavy dashes indicate observed zero precipitation (shaded area). 


